Portions of lung were taken from 100 necropsies without special precautions to avoid contamination.
The techniques used in postmortem bacteriology consist of taking small samples of tissue by piercing the organ, grinding the suspected tissue, or culturing a frozen section of a small tissue block.1-4 We developed a technique for culturing in situ microorganisms from whole frozen organs to gain an insight into the quantity, distribution, and number of bacterial species. This technique was applied to frozen lung lobes obtained from 100 necropsies. We chose lungs because pneumonia is one of the major causes of death in patients with serious underlying disease. During life exact data on the bacterial causes of lower respiratory tract infections are difficult to obtain, because it is often impossible to distinguish between pathogens and opportunists in expectorated sputum and the culture results of purulent sputum are not always representative of the bacterial flora in the diseased lung as a whole. Moreover, the processing of sputum and the interpretation of culture results differ.5 6 
Material
Portions of lung were taken from 100 necropsies without special precautions to avoid contamination.
Received for publication 8 November 1979 Unless the pathologist decided otherwise, the right lower lobe of the lung was sent for bacteriological investigation. The lung lobes were frozen at -70'C within 2 hours of necropsy and kept at that temperature until used. All specialties were represented except paediatrics. The interval between death and necropsy was less than 24 hours in 67 cases, between 25 and 48 hours in 22 cases, and 49 to 72 hours in six cases. In five cases no data were available.
The data from the necropsy records can be arranged in two groups. Group (a) no significant growth-growth only along the edges of the print and no growth inside or less than 10 colonies spread evenly (Fig. 1); (b) patchy growth-clusters of colonies growing within the print surrounded by areas without growth (Fig. 2) ; (c) dense growth-the whole print is covered by more or less dense growth. In some cases an area with dense growth is bordered by either confluent growth, patchy growth, or insignificant growth in a neighbouring segment. These were classified as dense growth. In these cases the anatomical borders of the lung lobuli seemed to be retained (Figs 3 and 4).
Consecutive printcultures of one organ showed the same pattern throughout a depth of 300 to 500 microns on the five solid media (Fig. 5 a-e). The same results were obtained after five months' storage at -70°C. Smearing of bacteria from the microtome knife did not occur. The growth of bacteria was seen in the anatomical setting. In a few cases dense growth was restricted to one segment. Differences in species, growth rates, and distribution on the five solid media could be seen. Contaminating bacteria could be recognised as they produced colonies along the edges of the print only (Figs 2 and 5e).
In 100 necropsies (57 men and 43 women), 24 of the lung specimens showed dense growth, 43 showed patchy growth, and 33 showed no significant growth. Of the latter, 25 showed growth only along the edges of the print, and in eight, less than 10 colonies were seen spread evenly on one or two prints. The age distribution in relation to the three patterns of growth is shown in Table 1 .
The inhibition of bacterial growth in the antibiotic assay by the lung tissue in the three groups in relation to data from necropsy records is shown in Table 2 . In 22 of the 33 lungs showing no significant growth, the pathologist had recorded no signs of inflammation. In two of these cases, inhibition of the antibiotic assay was shown by the lung tissue. Of the 11 cases with recorded inflammation, nine showed inhibition of the antibiotic assay. The remaining two had tracheobronchitis and bronchitis. Of the 43 lungs with patchy growth, the necropsy report mentioned inflammation in 28 cases. In eight of these, the antibiotic assay showed inhibition. Of the 15 cases with- Table 3 Percentage of cases with a pure culture (1), a combination of two species (2), and more than two species (3) in the groups with dense and patchy growth in relation to pathological findings in 100 lungs (1) sampling errors when only a small tissue sample is examined, and (2) the possibility of contamination during the several steps of the procedure. (1) With printculturing it has been shown that, in some cases, areas of dense growth border areas without growth (Fig. 4) and that clusters of patchy growth are often centered around bronchioles leaving areas beneath the pleural surface without growth (Fig. 2) . With the techniques currently in use, sampling errors might be possible in these cases. Culturing of tissue sections larger than 2 cm2 is practically not feasible. With printculturing a crosssection of a lung lobe surrounded by pleura is explored (50-150 cm2), and this diminishes sampling errors.
(2) With most of the current methods, pieces of tissue are ground in separate sterile tissue grinders. If during the many steps of the procedure contamination takes place, these contaminating bacteria are mixed with infecting bacteria in the tissue grinder. After grinding, only a loopful of the supernatant is cultured. Differences in the growth rates of contaminating and infecting bacteria or their interaction might further confuse the culture results. Lung lobes, free of bacteria but with a surface contaminated during necropsy or in the laboratory, showed growth only along the edges of the print (Fig. 1) . With printculturing no smearing of bacteria occurred from the microtome knife either from the surface of the lung or from the inside. This phenomenon was reproducible. In contrast to the grinding techniques, contamination can be recognised in printculture.
Several workers have found no correlation between ante mortem infection and post mortem culture results.9 Others have postulated the existence of an indigenous microflora to explain the presence of bacteria that were not expected to be there.3 They noted also that in one patient different species of bacteria were cultured from different organs and theorised that every organ must have its own indigenous microflora, as organs could differ in their ability to cope with microorganisms.10 However, with the current techniques, contamination cannot be ruled out with certainty, and this is necessary to decide on the existence of an indigenous microflora. According to Newhouse et al.,112 the lung is normally sterile from the first bronchial division to the terminal lung units.
Postmortem bacterial transmigration is no longer believed to be of great importance because the isolation rate does not increase with lengthening of the interval between death and necropsy, provided that the bodies are cooled after death.2 313 The growth pattern seen in the printculture shows the bacteria in relation to their anatomical settings at the time of death. This is supported by the observation that in some cases it was possible to correlate the pattern of the printculture with typical clinical and pathological data, for example, an infected infarction (Fig. 5 ) after multiple emboli, or dense growth of a pure culture of E. coli, after catheterisation of the bladder just before death (Fig. 3) . Sometimes we saw a mixture of bacterial species in one segment and almost a pure culture of one of them in a neighbouring segment. By trimming the organ with the microtome, printcultures of cross-sections at different levels can be compared. In our hands, printcultures were reproducible through a depth of at least 500 microns (Fig. 5 a-e) .
Oropharyngeal commensals behaving as opportunists are trapped in situalong with bacteriaknown to be pathogens. When printcultures were repeated after five months' storage at -70°C we got the same results.
Another advantage of printculturing in postmortem bacteriology is that separate sets ofsterile instruments for taking samples oforgans are not needed.
In 61 % (42 of the 67 cases with dense and patchy growth) two to six bacterial species were isolated. In the remaining 39 % (25 cases), a pure culture was obtained. However, due to technical shortcomings anaerobic culture was not optimal and so the number of the isolated species might be higher.
Bacteria may enter the lower respiratory tract by aerosol inhalation, haematogenous spread, direct extension from a neighbouring site of infection, or by aspiration. The last possibility is thought to be the most important.'4 Aspiration of pharyngeal secretions occurs in normal adults during deep sleep and in 70% of patients with depressed sensorium. 15 In healthy individuals, aspirated bacteria are effectively cleared. In patients with serious underlying diseases, however, depressed sensorium and impaired clearance mechanisms are often combined. Moreover, colonisation of the pharynx with Gramnegative bacteria increases with the level of care16 and severity of illness.17 Lowering gastric acidity seems to have the same results,'8 with a reported high mortality19 when this is followed by pneumonia. We isolated Gram-negative bacteria in 48 % of cases. As our series consisted of inpatients with serious underlying disease, the high percentage (67 %) ofpositive printcultures agrees with the findings of others.
The common practice of looking for the predominance of one or more anticipated pathogens in sputum cultures needs reconsideration. The isolation of pure cultures of bacterial species from lungs, considered to be commensals of the pharyngeal cavity, for instance, streptococci of the viridans group, merits further investigation. 
